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Abstract of JP2001261495 

PROBLEM TO BE SOLVED: To ascertain 
concrete conditions required for obtaining a 
defect-free crystal stably with good reproducibility 
and to produce a silicon ingot having a wide 
defect-free area stably with good reproducibility. 
SOLUTION: When a silicon single crystal is 
pulled from a silicon melt, a defect-free crystal is 
produced stably with good reproducibility by 
controlling the relation between the form of solid- 
liquid interface being the boundary of the silicon 
melt and the silicon single crystal and the 
temperature distribution at the side face or the 
single crystal being pulled to be optimum. « 
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£JE«:r 4> ft G 3&^f 6 ti £ 4 C ^ C 4 &M Z> . 
[0 05 6] <«^B*S«3W»6n4*fr>C©<fc J >a 

mz'n^tc. tate. mmnmomz (H26©h) «, - 
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L/Co ttc. &g&mm (S26CD1 1 b) cD^g^JSS 
tt. *ga*ttOHt*«!U8Ktt B2 7©«BI« 

ft2 3) (DM^6©iS3tC<i:0iaSO/t. 
[0 05 7 ] *Sa<03l#±tf 

io [0058] ^anacDa^su. m^&zmfticJ: 

0*»fc. Mgp-C. «^g«rtWr«:j:*G©Wflfi*. Rt 

[0 0 5 9 ] fSAiKS2 1 Orrm, J^#II2 2^>^ 

ceo X9^>y*J:iyj|WBffla©X«hspy^7. 
[0 06 0] 

[an 











0 6 <D*S& 


~6. 7 on 


2. 1 TVnn 


«g i 


H7 


+7. 0 ma 


2. 7 t C/mn. 


2000 2T!7* 


0 8 


+14.7 mm 


2.82 iC/nm 


3000 



[0 06 1] «±<D3o©i|*aK:otir(DSflMS*<Z)WI 
£B6. 7, 8fc7jVr. 06, 7, 8tt. tftH£J$£a 

[0062] «K^tsao96n«jadU>o«H«. » 

S^fSKCfctt&gffiilg v osf ,min <b^H6««4lK 

(4 ^ ^ * * mm t <Dm&mgi<D¥Wi&iictett % mxm 

a V ctis.max t<DT$X'&>2> 0 C<D£ *) CC^^^n/cV o 40 
sf, min t V dis, maxte:, 07 8 tjHC^liT'^ 

[0 06 3] CCC, AV = V osf , min- V dis.max t 
^ICte. §l*±CfjgK©ffgi|ii^AV r*-5 4C^C4 

tc 4> «c o . < & 4 xn^cc®-r 5 4 ^ 

^C4CCft^> 0 -eor|gtC v V osf , min 4 V dis.maxCD 
t&X'Z&t^^CtlCte&CDX'. ¥#Jffi V^A#<ft 50 



^> &5 4£S14CC 5 4 1 i *> C 4 Cc ft % . 
[0 06 4] 09 tt. @JKSfBB©ii5S*atlili4L. tea 
ffliJ®CDG^fflE#4U/c^<DAV (D^HiS^Lr^ 
^> 0 cc-e, AV#IEr& ip%H9-cm^5*c 

©3W»W8P^ (AV> 0.01 irni/min)<DffiH"CHSfi*-rS 

[0 06 5] B 1 0 H**ffi©* 3 ^r^tt 

4U, tea»Jffia>G*IKi!«l4L/c»^©V osf.min 4 V 
dis f max<D¥#jfi§ VCD^SS^^L/c 0 |9fcJ:(>'l 0 

« 4 m&xmxmm&w i * ±w h n s 4 c ^ c 4 ^ 

[0 06 6] <fi£*Oftia4*«W#6«:j:0»6*ift: 

—x ft w n « m^pb tea« n h ti ft ^ 4 $ n r ^ fc. c 
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-te<D&m£ikPr- 1 mw&i&gL<Dm h ti z mm t \igt± 
[ o o 6 7 ] b«c. ^*(D»imrii, mxmtt&tmtii 

2ftZ&l£<D V/G Z ±2 tlX&tc. Ztl 

&2. #V>a7<DW^ (V.V. Voronkov, J. Crystal G 10 

rowth,Volume 59, paqe 625, 1982 ) CC<fc 0 . ^?L<b 

SSiftSJ&g^tttt v/G tc<fco-r%£3*'i&£SftT 

[0 06 8] La&>Ltt#6*©— Jt, v/GGMHIfffiKC 

So 

[0 0 6 9 ] -ecr, H6 ,7 f 8CC7SO/cWCCOCir, 20 
G CCcfc^fffflBiffo/c. G(Df¥ffi;fr£&2 v HfflCDHiRW 
« ec cfc 0 *»fc«**ia3e o r GJKefWc <fc 0 *a6/c. 

[0 07 0 ] ^OJSm^rS 11,12,13 GC^To Hfr 
6. v/G tt. H«»ffi<Di«SCCJ: 

or**<*fturc**ci*)B*. coil i,i2, 

V/G «*<Dfe<D*^b-r4iC^C«»:*5JBS. 
[0 0 7 1 ] CCT\ ^TOf^HCcfcOfR^^n/cV/ 30 

[0 07 2 ] <#a>3^ai6<!:**9B>H«l?ffi©^ 

[o 07 3 ] **o>n7fflticcj:n«. 5/y=j>©H* 
fir. iB»r©ffi»(«R««^™ ->';=i 
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v/g cc^^faai^n^ci^^ffiL 

7 r ;i/-c62faair^^^ 0 ^P>3^<D^ccfie^.t2. * 
^©«*«fflBi2afi«E*iPi«:4C4yt». aiswffi 

[ 0 0 7 5 ] 0$ 0 , H«»ffi*«wrac»»^cc«, 
flmms/ U n >©SE«aAt2«fil*»rniT?«a < , 

^ci^^^6^ 0 Sot rx:*- h 5;M# 
m<Dnhti*>m>n v/g 52, @fS^®co^tcts??-r 

[0 07 6 ] [XRCDII^] 6U:©J:5ftCi***A 
[007 7] (1) CZffiCC£oT5/y3>lHiBtt>6 

[0 07 8] ttte, **WO*«CCJH6*l*. rczffi 

«c j: or >wr*6 s/ »; n >»i*at5 i*±ws 

jBH*«JS-r5*ffi. J «±8B ( 1 ) <h^SWCC|5l-o 

[007 9] (2) CZffiCcj:or^y=i>tt«*6 
5> ij 3 >^<sa*5 1 #±tf ^> c i cc J: o r ^> »; ^3 > > 

[008 0] ( 3 ) Bra@«#ffi©JB«OWi« % ^ 
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sjfjaaj©? i # ±tf^ifij©ias^iB«raBS"r £ c <t «: <t 

r>Xft*>Ct*%mt-?Z> (2) KBO^ffi. 

[0 0 8 1 ] ( 4 ) HusaiSS^^oHiKSffiOiSiS * 

1 0mma±i«Ci^i« (3) ia»gCD* 

So 

[0 0 8 2 ] (5) «JKtS»*'i:^)H«lfffl©J«S<D 

&B$f H 1 * fc 0 <D|ie»<DMIS J: D & £ ffltt* 6 StR 3 ft * 

[0 0 8 3 ] (6) «rEBBE»©?»K*2 5 0 0^^ 

[0 08 4] (7) CZ.ffiC&r>XisVx>mgji>fi> 
is y n I *±lf Zlc&tc-o T\ tolBV y n > 

(D^3£l 0 mmKli lt*> U titf 

[0 0 8 5 ] (8) CZffiWot^y 3 
V y :a >HMigB*3 I *±tf£ C £ K J: or U y 3 W > 

SOBS;* £ , BUlB^> U ^ >##SSOteSWJffi©SK«JBB 

^ag^jRr^sft/cffliisccisirs^^tcsKes 
hti/ya >4MfiB * 5 1 # ± £ c t t r a s/ y 
3>-f>=f9 husk*. 

[0 0 8 6 HSU CCD^g«, Slibt, 2C<D 

(I) (in) c*rti*©*tt»9l*±W*frTr» 

[0 08 7 ] (I) *§B<D3 I * ±tf iSK* V (mm/mi n) 
<L U , f U 3 >OSfo£>6 1 3 0 0 T;©fH©ffc£ffl<D*S 
Srt©aS^Jffi(D¥^*G (°C/mm)£ U/ci V/CCft 
3ft£Jt#0. 2 0-0. 2 2Brf/Ciirinitt5J:5CC 

[00 8 8 ] (II) ffirtO^G^ 3 °C/mrr*V®T'& 
0. GedqeiGcenterf^l.O °C/mn^SS"C*^C <b, 
V^rVosFc.ose ±0. 0 2 ran/nrin {cSilfBI-riCi. 
5pi^V*V osrciose ±0.01 mm/min CCfBRSTrSC <t* 

KfSCi (&*>\ G edgete, *SB»JffiflW©flli;frl»Ji& 
ffi^IE©¥*$rC&£. , G center**, feS^'MMOtt^ 
r^as^E©^"?**. v <* F c1ose 3l*±tfil 
SL%W&> £ #r i>o/ci^ ccosf y > j$*r 
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[0 08 9] (III) V (mm/min)ltl»a© 
3l»±tfa& G CC/mm) li^^^B^^l 3 

5 o x;*-c©asKHtc*5c^i?i#±if«^ini<D*ssrt 

Sg^JEOf^i. Gouter««a©^IWffi^t$W4G 
fflL Gcenter^0 B a *^C4o^^>Gf®r'*^<bUr. IS 

0. 16 — 0. 1 8mm 2 /°C • m i n£U Gouter 
/Gcenter^ 1.10 t^6Ct 0 

[0090] ccx\ msvmm-cmztitcmmcm 
<tts/y3>^x^©4jesw«r*«ofe»^«:tt, 0 

1 OC^-^fe^SlSftS. JtCfc, — «Wft*Jfe«filK 

aw>:** MjjSSSB©-** y (D^tctsttsftrfc 

0. «M»iiSCft*^WOr5l*±Cf*fW)a95E* 

[0 09 1] ( 9 ) 0.40 nin/minW±<£>jIlK (JE&t 
20 tt, 0.45 nm/min«±CDilJg) r5l*±W6ftr»JSS 

ftfcMXRMSft. «^B»ft». »*U<ttfflt*fcfc 
R6»fir*>*K »<7>Sli6WICCT^Sft4J:^ic, 3I£± 
CfMKteO. 56—0.49 mm/min^C^^f ^>Ci 4>"C^€>c 
[0 092] (10) ^ X^ffirt©^#*^PBttfiS 

*) jEi_h (cfco»*L<«. 7o%«±) sat^ni 

2 0 0mm«±^>^>>f>3-yho C®J;5&J£I5 
«5 x^N<0ffi^*3W*^B £ & 4 <fc 5 fe««*JB 0 rt * 

[0093] (in aaiL-c«asftfc5*a± 

(J:D»^U<«. 1 0*fiLb) ©i/';3>-f>^f b 

<J:0»*L<tt. 5 5%y±)#S«ni2 0 0m 
40 mH±^>»i3>^>3 7 h©*-CliRESft"C^*^y 
n > >f > rf ^ h o 

[0094] fie*^cc«*j^iiasa©i(Jfi*ffi"c 

3&s. *«?8Ccj:ft«*ft* s ^IfiBK:tcS. 

[0 09 5 ] (12) BBRifiK#2 4 ppmaWTt?, 
50 =f ^ h^fitcW-riBSOH*) W±ffft-r4PS2 0 
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[0096] W\ ±iac8)<D^y=i>^>=fy h»Jg 

[0 09 7 ] (13) CZffitC<fco-C->U=J>HlBS^ 
^ ^ «; a > A£ ? I * ± & C <b X o T ^ g a > 

$nr>^> m*s n. £3 i #±tf £ c 4 4 -r £ ^> 

[0 0 9 8 ] Sfc. -ecD-ffl^LT, fcXFS 

[0 0 9 9 ] (14) cza«:<i;-Dr>»j3>li*» 

[0100] <(9)-(l 2)<bfi£3RKa5>^x^rBrt(D 

tt. M.Hourai, H.Nishikawa, T.Tanaka, S.Umeno, E.As 
ayama, T.Nomachi, G.Kellty, "Semiconducter Silico 
n" Electrochemical Society Proceedings FV 98-1, 
1998, P 453 («T, fiWRHtWS) Kfct>-t\ 6^>^ 
( 1 5 0mm) <D*SfitCoi>T£fi<D7 3% ({SU ffl 

J.G.Park, G.S.Lee, J.M.Park, S.M.Chou, H.K. Chung, 
"Defect in Silicon III" Electrochemical Societ 
y Proceedings PV 99-1, 1999 p324 (fiTF, ^filWf 
!ft6) fctt, 200ron -f>=f* tefi^fil200 rrm <E> 

ft, 600mm (BP*>, M©5 0%) &B&M~C$>Zi><0 

[oioi] jjb(io)© r»>j.^nrto± 

<*^^XRS^M^^ 5 5 % (*>»JnW>nf*h :£S&c 
»T4«8©lt*> «± (J:0*ff*KB. 70%« 
±) i?£ET&PS2 0 0mm«±(D^y a W>:** 

[0102] Sfc. &JB=PJf7«6©^ffiK:J:ti«. 
&l>/ctf>. _hf B ( 1 1 ) <D riiut^l$n/c5*« 
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(<fc"3»*L<tt. 5 5%«±) S«Ef^PS2 0 0m 

[01031 i/c, ±fa<D^fM^5;fttf 6tefel>T 
10 tc#>. ±12 ( 1 2) <D rg|SRitftAS2 4ppmatiT"C\ ^ 

=f ? h^ficc^-rsftsotk*) ta:??«E-r4PS2 o 

[0 104] iC6t ( ±iaCD^TOf«?6CCfet^r^ 

*£H<D3 1 # ±cf its (tc-i^x (Dtzmz&te L^Cl^^v & 

ftjTOf^ 5 &a*0.40 mm/mi nT'Slli^ I *±tf S C t& 

0.40 mn/min"C?l#±lf 6nyt»S«6>f >^ (15 0m 
20 m) (D^©t^^t2 0 0mm(D^(DtWcj:^o £/t, 
4^aiTOf «546C«0. 55 rmi/min©ttS9l±WjSSr«iXRi 

* f#»ffi3tt/c:bWrfcJ:&<r>. Ctl«, 0.53mm/min 

©isa? i± wa«-c«i^aBtt«^»SE ^n/cct ^$gs 

OtTl^M.Iida, W.Kusaki, M.Tamatsuka, E.Iino, 
M.Kimura, S.Muraoka, "Defectin Silicon III" E 
30 lectrochemical Society Proceedings FV 99-1, 1999 

p499 (^*aTOf®7 ) JC^l^r $>mwi~c$>% 0 
[0105] U^X. ±IS (9) <D TO.40 mm/miniyj: 

(DiiS (StC«, 0.45 mm/miniy±<£>iIK) "C?l^±Cf 

[0106] «tXRgfe S B (^ISft) 41^<D 

tt, FC^«)XK§, KfbiieaH^PSCOSF ;oxi 
dation Induced Stacking Fault), 

^^RICOSF ; Oxidation Induced Stacking Faul 

t). R^sia^^^^©i^nfe??aEUttt^«©c<!: 
[o i o 7 ] sfc. ffljRutffijgttoiiiew. mtiLmsfr 

50 (DHfi». ««B»4^U3>tt*©BI©aB«©BBE, 
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CDi&g. *'hAfc--:$rffi2j©fig. gct,HJCft6©ffl<& 

tCct o rtf -5 c t #-cs* -s. 
[0108] 

CcJ:K>. ft^RMSB«>ff6ti&. MHf|iJffi©®JK£Jie(c 
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* [0 109] felTCC. @?glSiffl©iS3©SiJHW ; &7n-r. 
I14,15,16K. Ztl?tim&$m$>tc*HDmM,<& 

Ttil&t§©EPtt]3iig ; &±tf£ii<t\ @fgWffit*±#-f £ 

[0110] a?g^B©iB$«, Stefan Sfcft 
io (TS (2) ) fcj;i)^§ti5i^ 

[0111] 
[&2] 



L P V = 11 Cl-Ks Gs - 3C (2) 



[0112] @?S^ffir«. x*jHO<7>*±. _hS 

*»). ©^©sssjie ci «. mm&w<D&&z i &<3i. 

■5. 

[0113] £AlllEtt<Z>±*tt. JSaSCt<:<i:£litiK 

So 

[0 114] [^B^tc^SM^RIilsSSOWfi^^S 40 

(Stepl) *-T. 13 9, 10£#J8U-C. Hlfg©J&g 

( Step 2 ) t&£BMMVx<<c «fc 9 . f ©i££©*£JH»J® 
(Step 3) (Step 2) r^SL/fc * ■» hV-> &C 



So 

(step 4) 9l*±cffctea*«*ifti{c«JWrO. ^PSS 

451 *±.f as* <fc o'-e©? i * ±tf mmMmios it s b 
$w®©ig3£f¥tt-rSo 

(Step 5) (Step 4) r©f¥1W£*£09«:#BSL 
r. H?g|?®©ii5SSU s *SSffl'Jffi©G!&®iE«:ffiffl«:ia 
(Step 3) *ff ^o 
[0 115] SjSWSC^S^P^-rS^SiL-Cto:. 

*{4B#^*>/c 0 ©^ 2» tfHfeifc©!^. Br3£&S©tiiS 
*§©E|lJ»&£'*WSc;£a*t-#S. Sfc, iSSffli]®© 
aS^JiBOPSIKoi-riJ. *SHWJIi©£WSfI*8»& 
©fSlSicio-Cff^Ct^-CtSo fit, C©<fc-5£t 

SC<i#sr#So tt*. e©J:9ttJS£ftft<D9Hie<cft 

if ens c <t«#-5 *-e^%t». 

[0116] 

[*t6«] «T«C. *|%BJ©3|)!ig{f,^^-ro 
[0117] feSifiS 210 mm. Jl/^iJ<ilS2 2 W >5=- 
-C*S5l#±tf^©^TCC*i^r. @?SWffii^3<b 

feaffiiffl©G©^fi : ©ifi^to-a-.cj; s^R&a©^© 
mttm^tc MSB. ^^icfiSgiiig^teTS-ti'r^ 
ss-tf/c fur. ^^©sagKfcws^psa©^^ 

* . secco x- -j ^>i^teJ: am^S^©X ^ h ^ 7 
^ LTC u f 3 l/- v- 3 >ffi(C <t Off iLfc. «T. 3 

[0118] 
[^2] 
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S6 <Dti& 



®7 gga 



a 8 fpfejl 



-5. 7 cup 



+7.0 



+14.7 



2.1 TVnm 



2.7 TC/m 



2.82 'C/ena 



?k¥4K» 2000 

*sgBHa 3000 



[0119] BBRififttt* 24*^632 ppma ( OLD AST 
M, F 121-79) B6,7,8«, ti$A£J&fiiIS 

[0120] &Xffi*SB©fS6ft£J&^KKHtt* os 



*"C*£>. AV = V osf ,min-V dis,max <bb/c<t£. AV 

at'Xfl^fiCCjSL. Vosf,min £ V dis.maxCDWffi 

10 [0121] 
[*3] 



B>6 



[2 7 £>4£& 



Y osf, min 



0. 320 ma/tain 



0. 462 ma/min 



0. 482 am/ain 



V dis,max 



0.317 wa/min 



0. 460 mm/min 



0.452 mm/min 



0. 003 mm/min 



0. QQ2 ma/min 



0.030 mm/min 



[0122] cfl>««^8R**tofcl6**H 9 p 1 0 CC 
*VT. B9K. B*IM©«*Wtt£l^ *SBWJB<D 

Ot*R©^fc'^^>^(AV> 0.01 mm/min) T*£> 

[0123] */c, B 1 0 B*WH©lS3*«tt 
iL, jBSffJBS©G«:«if*ll<tUfc»^<OV osf, min t V 

[0124] 09Oi4J»«p-C^3nS@«»ffi©«5*5 
1 0T?^sn4«fi»K«:-c3l*±tfSCtK:j:D, 

[0125] mwLRWonzvmm^mt vx\t. b 1 

4,15,1 6CC0j7jVr*J:5te, #fl[B#|ffl*^0©lSa 

[0 1 261 09,1 0^6. @i£#ffiG>©3# 10 mm 
£«2 5 0 0^^X«±©*¥»^Hffl«C«t0«»tt: 

[0127] ztc -enwncc BttJHnKsccKv-r 



fi&iS) &RML B*#B©*S*«W«Ci**-C* 

[0128] teaoffM©iaK^iB©aai«. sac 

30 h y - XDRttKi *) filfclBtS C i#r « 

[0129] »fiOfiS<D*WDCCj:0H«#BOrt3a 
^B H B ffl'J®^aS^iS^^^^t^^> 0 fit or, S3 

[0130] itua^*:^^ JSSrt©fiK^W«, 

mmwm<Dn^K] ic>5*>©*, rsstp^cDB 
m^fctu^HB*^*- rjisafflijffloiaft^j £ 

50 



# 
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co i 3 i ] i/fru mmwm<Djmktej:zfm&®m<D 

Ulic <fc o r ^XRSMH B B a)^^fr *S»cc Jlo# /cf c 
t&V$2>±l<> Setter f5f6^*>0^&l^-C* 

[0132] (Step 1) 09, 1D*#JSLT, 

WM©«fi^fe<fe»JsEfiafi©*lF«BH (AV) cota 

&o»*ft3e-ra. io 
(step 2) &^&&Mffitc £ o > zowtmoyfe&mw 

(Step 3) (Step 2) T&5£L/c** r > &C 
(Step 4) ^l^±tf/cM B s a ^^^^WU, ^CRg« 

(Step 5) (Step 4) r©»SB,1S**H9tC#M L 20 

■pr**«*«c. we (step 3) *tf 

[0 13 3] B«»ffi©WS*»aW-**BiOTtt. 

waoji^tc. ^^#Ena», tf®J#(DEn 

[0 13 4] 09, 1 0«8-<>^<DJ|SS(COlirf^fiS 

stc«*<o**3gffl-rsc<b«r#&c^ 30 

[0 135] [«HXB^>^y h©»JS] KTCC, 

[0136] <mmm i wtimgk<Dffl>&&m.mt 210 m 
m, 22 -r>?\ -5.7 

rrro,3gSfflIJHCDag^ie« 2.1 °C/mmT\ fi8»EPftl& 40 
U #SSIU^«l2rpm, ;l/^#@(E»tti2im <hl>5 

tete£^28 ppma 

[ 0 1 3 7 ] 0 1 8 fC, 3l*±tf/c«ft*ISW*«:^ 
»SWrnJtCftJBfU/cfft. 780°CC3B$ra^^Xl000°Cr 1 

[0138] CCt, &^Bffi©4HCjiA£&l>8|5#<t 
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01 9Ct\ »i©M*iiiilt/Tto c 
©HI 9*6. «^R§CDM^*W>=f^ KDJ£l>*BBK: 

[0139] COfiEfi^tttt* H9CC*jC»r, f¥gJSfi 

[0140] <ffi«En^^a©0l>ttABS« 210 
mm, JU^*Wiffatt 22 >T>?\ HffiWffiiS3» +13. 
Omm.lSB^fflyHO^S^JIfi^ 2.82 °C/mm, 3000 tfVX<D 

ymmmwm, sa@^«i2 rpm, ji/?^is§kt*i& 
amsia!*inicc 1.3 rP m , ti»9*frT?*ft*9i« 
±^7c 0 3 1 #± 1 #±cf fc#r * / * * - > 

«H2 0CC7S-rii0r*»3, K*?flK«*5J:-€-26 ppma 

[o 1 4 1 ] 02 1 cc^aBwwwfrfc^-r. t©02 1 

6tifctl^C4*s)SS. ^BISii©»£ftfc5l#± 
CfSJgti0.43 ±0.01 rrm/min t^iot CCDfrSg^fr 

[0142] <issmiss^m<om>m9 , 1 ootts 

£24—32 ppma ( OLD ASTM, F 121-79) t^^ fl Ufr 
*f691#£tt. B^*K*24ppmaWTil/^:t*, 

0 9 cctet* 4«n^Btes©t#6 ti -sit^? i * ±m ^ais 

[0143] MUfiffi* 210 mm, JUty«K^]jSS» 22 
-f>3\ HStl^SiSSW 14.0mm, ^AffiiioaS^IE 
\t 2.82 °C/mm, *^PfiBE» 3000^7 ^*<DB8iSEPfln, |g B ^ 

@is»« 12 rpm, )\,y#mwto*&&mn±wfifaK 

1.3 rpm. il^*ffr*Sft*5l*±tffc. 9l*±Wii 
SCO? I *±tf fi 3 OC^-T £ ^ 3? - >«0 2 2 Ct^rTai 0 
-C* *) . ffi5R?*a»12^14 ppmaT-A 
[0 14 4] 023 CC^B«©»**^"r. ^B© 

iSCOff 6n-E)3l^±CfiiJSi5a^ 0.56^0.49 mm/min 

[0145] a*. mm&m.<D{&Tt<cj:^xm£Kmmm 

( M.Iida, W.Kusaki, M.Tamatsuka, E.Ii 
no,M.Kimura, S.Muraoka, "Defect in Silicon III" 
Electrochemical Society Proceedings FV 99-1, p49 
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9 ). S/c, (#53^Xl-199386^<&$g) fct. KSS^ 

iggr#24ppma WTCJS^CCti. %&ti> OSF ©3gg#S 
§«>T <g < ft £ A^IHmO^XRIS A©KJfttf <t 

[0 14 6] WIAtf. 780'CT-3B$fyi7'^Xl000-C-C 1 

6b$ibj (it^Hti ) (Dmtmiasi-tzmmm&t os 

F ©^K£©IW{M:0 2 4&C^-r o COI2 4;!p6. ^ 
mgg.& 24 ppma JjTFrtt. OSF *^^L/^CC>C t1fi 

s?£. -eor, osf Ai^L/^t^c*. ss^Ri©M«*i 

if 6*1&3l#±tfit£©ffiBtt. ilSfCSJ Vosf.min 10 
ifih v dis, max ra-^fcfc©**. F^Pfi^D 
■5Sffi3l£±tf i§K Vvoid.min £ Vdis, max <DT$tU 

[0147]^ c*ih<o f m^ifrh^m<r>fe%Atm 
%m?ttitfi-e*-r. *mM<Dl3mcj:K)tnsbx, fit* 
©*njtr «{5j h m** s *ir i »a a> fc jm*w 

L/-C, *^©^stcJ;o-cW«>r. jAC^JgSKjS^r 20 

it-r s c i ^tecc-r z4ktt&®§ncsn,>m* c t&aj 
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n >MSfS i i> 'J 3 >«ISJ^*Wr a -BHi!BM&©J& 

tti . g 1 *±«f *©*isa©flBncc*s w sas^fi . 
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%fefi<W3£-r*ci#ni|*Btc&4. fiE->r. *9tmtc 

mmzmm-rzctw-czztctb, -o^v F-;$a/t 
sgft^aras,, s/c. ^wtiftw:. ^x^©s 

^©J£t>ffiH{cjgor4>j5«^R|«lS4^-rsc:<t*s 
r*Sfc&. W^. ties 2 0 0 mmJiLh©;*:P&©^x 40 
Sfc»K*PS©-f > =f » h I #±tf fc J: 

©■} x^©£E#$&XRg© fc©££^ L.T11T 6Ci 

[0150] 0JAtf, #2S9J{Cj;ftfci:, %>'PomU*:& 
*>lCLXb. fiB[ti%Enflni/&t>tfc«-r?fcii:@2 0 0 mm 
©£ x^ffirt©±r #«*#«©««# 5 5 %W±$m? 
Z>4 Y*WM?Z>Ct1fiX-Z*> (0 1 9) . * 
fc. !8t§ ( 2 5 0 0 #>?;U;U:) <&EPflnL/ct§£CtW:. 
fi{12 0 0 mm©Srt©^-C*S^RS©Mt|!t*S7 0%1U 50 
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